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The SNAP-8 is an electrical-generating system 
being developed for use in future space vehicles. 
The reactor is NaK cooled, fueled and moderated 
with zirconium hydride containing ^^^U, and re
flected with beryllium. The fuel element uses 
Hastelloy N as a cladding material, and some con
cern has developed over the mechanical properties of 
Hastelloy N in a nuclear environment. Our previous 
work has shown that this material was subject to a 
type of high-temperature radiation damage that re
sulted in reduced rupture life and ductility. ' ' ^ Al
though these changes are undesirable, they do not 
necessari ly rule out the u s e of a material. Hence, 
one of our roles in this program has been to determine 
the magnitudes of the property changes during irradia
tion, so that the designers can decide whether 
Hastelloy N can be uti l ized in a nuclear system of 
the proposed type. A second objective was to seek 
ways of improving the properties by thermal-
mechanical treatments or by changes in alloy com
position. This program is closely related to part of 
the work described in Chap. 34, Molten-Salt Reactor 
Program. Related electron microscopy is reported in 
Part I, Chap. 5 of this report. 

The first experiments on standard vacuum-melted 
Hastelloy N involved small tens i le specimens with 
a gage section V in. diam x lY in. long that were 
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irradiated and then subjected to tensi le and creep 
tes t s . These specimens were irradiated to a thermal 
dose of 2.3 x 10^" neutrons/cm^ at 650 and 760°C 
and tested at the irradiation temperature. Two heats 
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of material in several metallurgical conditions were 
used. The fracture ductility i s shown as a function 
of strain rate in Fig. 29 .1 ; both creep and tensi le 
tes t results are included in this plot.^ At 650°C the 
ductility depended upon strain rate; fracture s trains 
of up to 11% were obtained in a slow-strain tensi le 
tes t . At 760°C the fracture ductility was only 1.0 to 
1.5% in a tensi le t es t but did not decrease much 
further with decreasing strain rate. For both tes t 
temperatures the ductility went through a minimum 
of about 0.5% at a strain rate of about 0.5%/hr. As 
the s t ress decreased with an attendant decrease in 
the strain rate, the rupture ductility increased so 
strains of a few percent were obtained at low strain 
rates. The ductility of unirradiated specimens 
ranged from 15 to 30% for all tes t conditions invest i
gated. Other significant conclusions from these ex
periments are: 

1. At 760°C the rupture life was decreased by irra
diation about two orders of magnitude at high 
s t r e s ses . The stress-rupture curves for irradiated 
and unirradiated specimens converged slightly 
with decreasing s t r e s s . 

2. At 760°C, the minimum creep rate at high s t r e s ses 
was reduced by irradiation but was the same for 
irradiated and unirradiated specimens at s t r e s ses 
below about 10,000 psi . 

3. At 650°C, the rupture life was decreased by irra
diation only about one order of magnitude, and 
sufficient data were not available to make a con
clusion about convergence at low s t r e s se s . 

4. At 650°C, the minimum creep rate was unaffected 
by irradiation. 

The metallurgical conditions identified symbolically 
on the graph will be explained by H. E. McCoy, Jr . , 
Effects of Irradiation on the Mechanical Properties of Two 
Vacuum-Melted Heats of Hastelloy N, report in preparation. 
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Fig. 29.1. Fracture Ductil it ies for Hastelloy N Under Several Test Conditions. 

5. None of the metallurgical variables studied (two 
heats and various metallurgical s ta tes ) appeared 
to significantly affect the postirradiation proper
t i es . 

Since the service application involves tubes about 
V, in. in diameter, we ran several experiments where 
tubes were pressurized in the reactor. ' ' The failure 
time and the strain at fracture were obtained by this 
technique. The thermal flux was 4 x 10 ' ^ neutrons 
cm""^ s e c ~ ^ and the temperature was 760°C. Sev
eral significant observations were made in this study. 

1. The rupture life was reduced by about an order of 
magnitude when the thermal-neutron dose was only 
of the order of 10 '* neutrons/cm^. The s t ress -
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rupture curves of the irradiated and unirradiated 
materials remained parallel . 

2. The tangential rupture s trains decreased from 
values of 7 to 10% for the unirradiated tubes to 
0.1 to 2% for the irradiated tubes. 

3 . The creep rates were estimated and appeared to 
be unaffected by irradiation. 

The results of the t e s t s on rods and tubes were 
compared. The differences in properties could be 
accounted for on the bas i s of differences in s t ress 
s tate and dose at the time of failure. 

The properties of Hastel loy N were improved sig
nificantly by slight changes in chemical composition. 
Additions of about 0.5% Ti, Zr, and Hf were studied 
individually, and each produced improved properties 
under SNAP-8 operating conditions. The detai ls of 
this work are d iscussed in Chap. 34. 




